The pediatric literature addressing extubation readiness parameters and strategies to wean from mechanical ventilation is limited. METHODS: We designed a survey to assess the use of extubation readiness parameters among pediatric critical care physicians at academic centers in the United States. RESULTS: The overall response rate was 44.1% (417/945). The majority of respondents check for air leak and the amount of tracheal secretions. Fewer respondents use sedation score, the rapid shallow breathing index, or the airway-occlusion pressure 0.1 s after the start of inspiratory flow prior to extubation. The majority perform a spontaneous breathing trial with pressure support. The majority consider 30 cm H 2 O as the upper limit of an air leak test, and the need for endotracheal suctioning once every 2-4 hours as acceptable for extubation. In preparation for termination of mechanical ventilation the majority daily wean the ventilator rate and/or the pressure support instead of conducting a spontaneous breathing trial. CONCLUSIONS: Most pediatric critical care physicians reported assessing extubation readiness by checking air leak and suctioning need, and less often consider or perform sedation score or the rapid shallow breathing index.
Introduction
The number of mechanically ventilated children is increasing, along with an increase in healthcare cost in the United States. Over the last decade the estimated number of children requiring intubation and mechanical ventilation has increased by 11%; however, this increase in healthcare demand was associated with a disproportional increase in healthcare cost, by 97%. 1,2 Therefore interventions to improve care at lower cost are needed. For instance, timely extubation, as determined by extubation readiness parameters, may prevent ventilator-associated complications, decrease days of mechanical ventilation, improve care, and lower cost.
While invasive mechanical ventilation is often lifesaving, it can be associated with complications such as ventilator-induced lung injury, ventilator-associated pneumonia, and endotracheal-tube-associated airway injuries. 3 
SEE THE RELATED EDITORIAL ON PAGE 445
Therefore it is important that mechanical ventilation be discontinued as soon as the patient can sustain spontaneous breathing without assistance. However discontinuing mechanical ventilation prematurely is associated with morbidity and mortality in adults and children. [4] [5] [6] [7] [8] In children, half of the unplanned or accidental self-extubations are successful, implying that many pediatric patients are ventilated for an excessive period of time. 9 On the other hand, the rate of failed planned extubation in pediatric patients is 2-20%. 3 Identifying parameters that reliably predict readiness for extubation would improve the quality of care and decrease morbidity and complications related to mechanical ventilation. Studies in adults 10, 11 and pediatric patients 12, 13 have shown that patients who pass a spontaneous breathing trial (SBT) undergo an extubation readiness trial; 50 -75% are considered ready for extubation. We designed and conducted a survey to determine the frequency of use of extubation readiness parameters such as air leak, rapid shallow breathing index (RSBI), airwayocclusion pressure 0.1 s after the start of inspiratory flow (P 0.1 ), and quantification of secretions and sedation, 3 the methods used, and the attitudes toward these parameters among pediatric critical care physicians.
Methods
This study was approved by the institutional review board of MetroHealth Medical Center. Consent was sought in the first e-mail, and response to the survey was deemed consent.
Development of the Survey
The survey was designed to assess pediatric critical care physicians' familiarity with, attitudes towards, and frequency of use of extubation readiness parameters. 14 The survey requested demographic data, characteristics of the ICUs, and the respondents' best guesses about the percentage of extubation failure in their units. Extubation failure was defined as the need for reintubation within 48 hours following extubation. The survey asked about 5 extubation readiness parameters: air leak test (ie, air escaping around the endotracheal tube), measurement of the amount of tracheal secretions, RSBI, P 0.1 , and sedation score. The survey also asked about the use of SBTs and strategies to wean from mechanical ventilation.
The survey had 19 questions (see the supplementary materials at http://www.rcjournal.com). Familiarity with the extubation readiness parameters and methods used to perform these parameters were assessed.
Attitude toward the extubation readiness parameters was assessed with a 5-point Likert scale ranging from strongly disagree to strongly agree. The decision to use and the frequency of use of the extubation readiness parameters were assessed with a 7-point Likert scale ranging from never to always. The survey also asked whether the respondents used daily weaning of ventilator settings or daily SBT.
Study Population
We surveyed pediatric critical care physicians who work in United States hospitals that have pediatric residency programs. The hospitals were identified from the American Medical Association's Fellowship and Residency Electronic Interactive Database (https://freida.ama-assn.org) of accredited graduate medical education programs and specialty programs in the United States. The names and e-mails of pediatric critical care physicians were then retrieved from the identified hospitals' web sites.
Administration of the Survey
We used an online survey system (SurveyMonkey, www.surveymonkey.com). The invitation e-mails each had a unique link to the survey. For people who did not respond in 2 weeks, 2 additional invitation e-mails were sent, 2 weeks apart. The survey was initially posted on March 3, 2011, and it was followed by 2 reminders, 2 weeks apart. The survey was closed on April 24, 2011.
Statistical Analysis
The data are expressed as mean Ϯ SD. To calculate differences in agreement about conduct or using the extubation readiness parameters we used the non-parametric Friedman 2-way analysis of variance by rank, grouping all the physicians. Such analysis was important to grade the strength of agreement to conduct or use each extubation readiness parameter in comparison to the other parameters, to develop a potential scoring system for extubation readiness in the future. Parameters with high values will weigh differently in the scoring system than parameters with low values. A chi-square test was used to compare categorical data. A P value Ͻ .05 was considered statistically significant. We used statistics software (SPSS 19, SPSS, Chicago, Illinois) for the analysis. To assess the consistency among individual institutions with multiple (Ն 5) respondents, a coefficient of variation was calculated for each question addressed to physicians who belonged to a given institution.
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Current knowledge
In adults, weaning-readiness screening and daily spontaneous breathing trials to assess readiness for discontinuation of mechanical ventilation are well described, but there have been few pediatric studies of extubation readiness parameters and weaning strategies.
What this paper contributes to our knowledge
A majority of pediatric critical care physicians reported assessing extubation readiness by checking for air leak and suctioning requirements, and less often considered or performed sedation score or rapid shallow breathing index during spontaneous breathing.
Results
We identified 1,089 physicians, and were able to obtain e-mail addresses for 976 physicians. Sixteen physicians opted out of the survey. Fifteen e-mail addresses bounced back. The overall response rate was 44.1% (417/945), and 78% (120/154) of the institutions had at least one responder. The respondents' demographics and pediatric ICU characteristics are summarized in Table 1 .
Familiarity With Extubation Readiness Tests and Methods
The majority of physicians, 86% (352/407), check for air leak prior to extubation; 38 The majority of the responders, 97% (401/415), do not perform the P 0.1 test. Among the 3% (14/415) of respondents who do measure P 0.1 , 43% (6/14) consider a P 0.1 of Յ 4 cm H 2 O acceptable for extubation, and the majority consider Յ 5 cm acceptable.
The majority of physicians, 94.5% (381/403), report performing a SBT mainly using CPAP and pressure support (Fig. 1) . The majority of the responders, 83% (344/414), do not perform a RSBI prior to extubation; and among the 17% (70/414) of physicians who perform a RSBI, 51% (36/70) perform the test with a pressure support that is adapted to the size of the endotracheal tube, 54% (31/57) consider the upper limit of Յ 10 breaths/min/ mL/kg as acceptable for extubation and the majority consider Յ 12 breaths/min/mL/kg as acceptable.
The majority, 62% (257/416) assess their patients clinically without using a formal sedation score. Overall, 38% (159/416) use a sedation score. Twenty percent (85/416) use the Glasgow coma score, 18.8% (78/416) use the COMFORT scale, and 18.5% (77/416) use other scales.
Attitudes Toward Extubation Readiness Tests
Quantification of secretions and checking for air leak test had the highest agreement (Fig. 2) . There was a statistically significant difference in the respondents' overall responses to the 5 different tests (P Ͻ .001). 
Decision to Use and Frequency of Use of Extubation Readiness Tests
Twenty-one percent (84/408) of the responders always perform SBT, and 9% (37/408) never perform SBT (P Ͻ .001). In preparation for termination of mechanical ventilation, 76% (309/408) daily wean the ventilator rate and/or the pressure support, and extubate when the patient is ready, 6% (24/408) perform daily SBT and extubate when the patient is ready, and 18% (75/408) perform both daily weaning and SBT.
Most physicians check the amount of tracheal secretions, followed by air leak test, and sedation score (Fig. 3 ). There was a statistically significant difference in the responses about the 5 tests (P Ͻ .001). Overall, 36% (150/415) of all respondents always check for air leak test, 62% (259/415) always check the amount of tracheal secretions, 0.5% (2/415) always measure P 0.1 , 2.4% (10/415) always calculate the RSBI, and 23% (96/415) always use a sedation score prior to extubation.
The only significant difference between physicians with different years of experience was in the use of CPAP during SBT: 12% (12/99) of the respondents with Ͻ 5 years of practice perform SBT with CPAP, versus 22% (70/317) of the respondents with Ն 5 years of practice (P ϭ .03).
There were significant differences in response to the same question between physicians belonging to a given institution (coefficient of variation range 0 -100%).
Discussion
Most of our respondents perform SBT, check for air leak, and assess tracheal secretions prior to extubation. The majority perform daily weaning of the ventilator rate and/or the pressure support, and fewer perform daily SBT.
The pediatric literature addressing extubation readiness parameters and strategies to wean off mechanical ventilation is limited, 3 in contrast to the extensive adult-patients literature. 15 In adults SBTs are commonly used. 16 In children SBTs have been shown to be feasible, to have a high sensitivity for predicting extubation success, and to shorten mechanical ventilation. 5, 17, 18 The results of the present survey partly reflect the available pediatric literature and suggest a need for further investigations on the barriers that prevent physicians from adopting daily SBT over traditional daily weaning, and support the need for future randomized controlled studies to validate the utility of such tests.
The use of pressure support adjusted for endotracheal tube size has been advocated to overcome endotracheal tube resistance during an extubation readiness trial. 12 However, performing the SBT with the pressure support set at a higher level for a smaller endotracheal tube can overestimate readiness for extubation in children. 19 The responses to our survey reflect the uncertainty regarding the performance of SBTs. In adults an elevated RSBI predicts failure, 15, 16 whereas in children the performance and outcomes of RSBI are under debate. 3, 13, 20 Our results reflect the limited and conflicting pediatric literature on RSBI in children.
Upper-airway obstruction is one of the major causes of extubation failure in children. 8 Air leak test is usually used to predict upper-airway obstruction following extubation. In adults, several studies have shown that the air leak test can predict post-extubation stridor. [21] [22] [23] In children the air leak test can predict post-extubation stridor without necessarily predicting extubation failure or success. 24 A previous survey found that the majority of physicians would delay extubation and recommend steroids if there was no evidence of air leak at 30 cm H 2 O. 25 However, when studied, an air leak pressure of Ն 30 cm H 2 O did not predict extubation failure or outcome. 26 The present survey re- flects that most physicians are concerned about postextubation stridor, despite the lack of evidence that air leak predicts extubation success or failure.
In children, the amount of secretions that predict extubation failure has not been studied. In adults, although moderate to copious tracheal secretions predict extubation failure, 27, 28 only a few physicians rely on the amount of secretions as an extubation readiness parameter. 29 Quantifying secretions is difficult. Secretions can be assessed semi-quantitatively based on the required frequency of suctioning: once every 2-4 hours, once every 1-2 hours, or several times per hour. 27 Secretions can also be assessed with an acoustic secretion detector that indicates the need for suctioning before the patient shows manifest signs of respiratory distress. 30 The present survey reflects the importance of tracheal secretions in the decision making for critically ill children.
Excessive or inadequate sedation can be detrimental in mechanically ventilated children. In children, continuous sedation is associated with longer mechanical ventilation, 31 whereas daily interruption of sedation is associated with shorter mechanical ventilation. 32 Altered mental status and absence of airway reflexes at the time of extubation are associated with extubation failure in children, 33 but inadequate sedation is also associated with unplanned extubation and post-extubation stridor. 34 The majority of our respondents consider sedation an important element in extubation readiness but do not use a formal standardized sedation score; instead they use their own clinical judgment. This finding underlines the importance of developing a standardized, easy to use sedation score that can be adopted by most physicians to standardize care. P 0.1 is an index of respiratory center output and neuromuscular drive, and correlates well with the mechanical output of the inspiratory muscles. 35, 36 In a few studies P 0.1 was useful in setting the optimal pressure support and predicting extubation success in adults, [37] [38] [39] and in assessing respiratory drive and muscle function, and predicting extubation failure in children. 40 However, in other studies P 0.1 was a poor predictor of extubation failure in adults. 41, 42 The results of our survey reflect the literature.
Limitations
Our response rate was only 44.1%, despite attempts to improve the response rate. However, our rate was similar to that of other surveys of the same population, 43, 44 and the responses reflect well the pediatric literature. A potential explanation for the low response rate could be that some of the e-mail addresses we obtained belonged to non-practicing individuals. We could not obtain e-mail addresses for many physicians we identified. We surveyed only practicing physicians in academic centers, and our results might have differed if we had included non-academic physicians. We targeted academic physicians because their responses most probably reflect the current teaching of fellows and physicians in training. Also, it is possible that the physicians who responded have a special interest in the topic, which could have biased our results. And, as with any survey, what clinicians say they do may not be what they really do.
Conclusions
Most respondents check for air leak and assess tracheal secretions prior to extubation. The majority daily wean the ventilator rate and/or the pressure support. Fewer perform daily SBT. Future studies are needed to determine the best extubation readiness tests, in order to develop consensus guidelines.
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